The desorption of D implanted into Be with a superficial oxide layer is studied. The 
Introduction
In ITER the first wall of the main plasma chamber will be covered with Be [ 1 ] in order to avoid risks connected to high central impurity radiation and to profit from the oxygen gettering capability of Be. Tritium retention in Be due to implantation is tolerable as the retention saturates within the ion range [ 2 , 3 , 4 , 5 , 6 ] without inward diffusion. However, the co-deposition of hydrogen isotopes together with eroded and re-deposited Be atoms dominates all other retention processes and limits the operational time when the critical tritium inventory of 700 g is reached [ 7 ] . The retention and release rates from co-deposited layers are influenced by the relation of incident Be, D and O fluxes [ 8 , 9 , 10 ]. Also oxidation of the Be surfaces in the main chamber upon venting of the vacuum vessel can affect the release behaviour of hydrogen isotopes.
Therefore, the investigation of Be oxidation and its influence on hydrogen retention are of vital interest. Gulbransen and Andrew [ 11 ] have examined the kinetics of Be oxidation by measuring the weight gain during heating in oxygen with a vacuum microbalance. They observed that at constant temperature the oxidation rate follows a parabolic time dependence indicating that diffusion of Be through the oxide is the rate determining process. A later experiment using ion beam analysis for detection of different oxygen isotopes [ 12 ] could clearly verify the diffusion of Be through the superficial oxide layer as the rate limiting step for oxidation below temperatures of 680 °C.
In ITER out-gassing of the divertor cassettes up to 350 °C is is foreseen once the in-vessel limit of 700 g T is reached [ 13 ] . (Other possible T removal methods are Ion Cleaning Wall
Conditioning and isotopic plasma exchange.) This thermal approach can be expected to be effective for removal of T from pure Be and clean co-deposited layers: It has been shown that D implanted into Be at high fluences is released in a sharp peak around 180 °C [ 2, 6 ]. However, higher temperatures are necessary to remove hydrogen isotopes retained in oxidised beryllium, since the release from BeO occurs in a broad temperature range extending to above 700 °C [ 6, 14 ] .
In this paper results are presented for D retention and thermal release after implantation at keV energies into BeO layers on Be with ion ranges partly exceeding the oxide thickness. For in-situ thermal desorption studies the samples were tightly connected to a resistive heater capable of providing temperatures up to 900 °C. The sample temperature was measured within ±10 °C using a thermocouple pressed against the rear side of the sample. The total amounts and depth distributions of D in the BeO/Be samples were determined before annealing and after annealing steps at 200, 300, 400, 500, and 600 °C for 10 min. For the special purpose of this study, also oxide layers close to and thinner than the ion penetration depth (sample A with 50 nm BeO and sample B with 80 nm BeO, see Table 1) were produced in order to compare implantation into the oxide with implantation into the subjacent pure
Results and discussion

Deuterium uptake:
Be substrate and to assess the influence of the oxide layer on the release of D from the subjacent metal. Fig. 2 BeO. This difference could be ascribed to the greater ion range in pure Be compared to BeO, but it could also be explained by the limited NRA depth resolution, which is on the order of the step widths in shown the profiles
Thermal release of deuterium
The release of D was investigated by step-wise annealing to 200, 300, 400, 500 and 600 °C.
Both the reduction in total retained amounts and the development of the depth distributions were assessed. Fig. 3 shows the retained amounts for the different samples as a function of annealing temperature. After implantation into a Be-oxide thicker than the ion range (2 keV in Fig. 3 In [6] it was shown that after implantation of 2x10 21 D/m 2 into metallic Be almost 90% of the retained D are released within a narrow spike just below 200 °C. In the present investigation only about half of the total amount released from metallic Be is released below 300°C (see Fig. 3 ). A possible explanation for the observed much stronger release tail up to 400 °C and above lies in the higher fluxes and fluences applied here compared to the previous measurements. They may be the cause for the observed stronger surface modifications, i.e. the blisters observed on the metallic Be after D exposure and annealing (see next chapter), which represent stronger trapping sites and thus increase the retention at higher temperatures.
Surface modifications
After implantation and thermal outgassing the surface topography has been investigated in a scanning electron microscope (SEM). No striking features could be found for any of the deliberately oxidized samples. However, the metallic Be sample was found to be covered by small circular blisters (Fig. 4) . At the lower fluxes and fluences used in ref [ 6 ] no such structures were observed. The blisters found here are untypical for hydrogen in metals. They rather resemble very much the blisters at metal surfaces that are observed after He implantation at similar ion energies In the case of metallic Be surface modifications similar to He blisters occurred in the present investigation, probably due to higher fluxes and fluences with respect to previous work. These blisters appear to present stronger retention sites leading to higher release temperatures. 
